Abstract. Industrial fresh fluorgypsum was found to be an efficient solid acid catalyst (10 % g•mmol -1 loading) for Beckmann rearrangement, which promoted conversion of various ketoximes to the corresponding amides or lactams in toluene at reflux temperature. This is the first example of the application of the fluorgypsum as catalyst in organic synthesis, which opens up a new aspect for the utility of the solid waste fluorgypsum.
Introduction
Fluorgypsum (FG) is an industrial waste in hydrofluoric acid production, which leads to serious ecological and social problems. Such is the case in various industrial plants in China, even all over the word. Hitherto only a small amount of FG has been modified and utilized as cement retarder in cement manufacturing, and the majority has been accumulated, resulting in the formation of hazardous waste dump [1] . To the best of our knowledge, no reports on the application of FG in organic synthesis have been documented up to date. As a matter of fact, newly discharged fluorgypsum is a high acid substance because of the remnant sulfuric acid. Therefore, it might be considered to be inorganic solid supported sulfuric acid.
The Beckmann rearrangement (BR) has become an efficient tool in transformation of ketoximes into amides/lactams [2] , thioamides [3] [4] [5] , and amidines [6] . Up to date, several methodologies in the liquid phase, supercritical water [7] [8] [9] [10] , ionic liquids [11] [12] [13] [14] [15] [16] , vapor phase [17] [18] [19] [20] [21] [22] , and even microwave technique [23] [24] [25] [26] [27] [28] have been developed. Nevertheless, the liquid-phase catalytic BKR has remained a topic of current interest due to its advantages such as ease of work-up, and its practical industrial application. Various new variants for liquid-phase BR process have been developed, for example, inorganic catalysts including P 2 O 5 [29] , PCl 5 [16] [33] , Yb(OTf) 3 [34] , Y(OTf) 3 [35] , Nd(OTf) 3 [36] , Ga(OTf) 3 [37] , HgCl 2 [38] [42] , and small organic molecules, such as cyanuric chloride [11, [43] [44] , chloral [45] , BOP-Cl [46] , diethyl chlorophosphate [47] , TAPC [48] , bis(trichloromethyl)carbonate [49] , pivaloyl chloride [50] , mesitylenesulfonyl chloride [51] , p-toluenesulfonyl chloride [52] , anhydrous oxalic acid [53] , sulfamic acid [54] [55] , p-toluenesulfonic acid [56] , trifluoroacetic acid [57] [58] , citric acid [59] , propylphosphonic anhydride [60] , iodine [61] and Me 2 S·Br 2 [12, 62] . However, these catalytic systems suffer from drawbacks such as toxicity, high cost, corrosiveness and difficulty in industrial utility. Hence, development of a simple, clean and inexpensive catalyst for liquid-phase BR remains still in demand.
Herein, we report the first example of fresh FG catalyst illustrating its catalytic utility in BR (Scheme 1).
Scheme 1 Fresh FG-catalyzed Bechmann rearrangement

Results and discussion
Initially, acetophenone oxime was used to examine the feasibility of BKR using fresh FG as catalyst. Various reaction conditions including loading, solvent and temperature were screened. The results are summarized in Table 1 . When 10% loading of FG was used, the use of acetonitrile (MeCN), dichloromethane (DCM), 1,2-dichloroethane (DCE) and benzene (PhH) as a solvent gave no more than 5% yield even at its refluxing temperature (Table 1, entries 1-4) . Fortunately, the use of toluene (PhMe) at 100 ℃ gave N-phenyl acetamide in 60% yield (Table 1 , entry 5). Increased yields were observed at reflux of PhMe, PhCl or xylene (Table 1 , entries 6-10). In view of cost and operation, PhMe as a solvent is the better choice for this BKR. When 5% loading of FG was used, the reaction afforded only 85% yield even with the prolonged time ( With the optimized reaction conditions in hand, we then set about examining the scope of this transformation. Our results are compiled in Table 2 . All the substrates tested reacted smoothly, affording the corresponding amides in good to excellent yields (74-93%). Significant electronic effects were observed. For example, ketoximes bearing electron-releasing groups on the aromatic ring or naphthyl rapidly underwent the reaction, giving higher yields ( Table 2 , entries 3-6), while the presence of electron-withdrawing groups decreased the reactivity, resulting in relatively lower yields even with the prolonged reaction time ( Table 2 , entries 7-10). Besides, cyclohexanone oxime gave the ε-caprolactam in 83% yield (Table 2, entry 11). For unsymmetrical oximes, no isomeric amides were tested by TLC analysis.
It is to be noted that FG can be used only once with significant loss of catalytic acitivity. It has been documented that FG generally contains 1.25%~3% residual sulfuric acid and hydrogen fluoride, showing strong acidity (pH = 1.5~2.1) [63] . Thus, in the process of BKR unreacted sulfuric acid goes on reacting with calcium fluoride to give out hydrogen fluoride, leading to the loss of acidity. We have demonstrated that fresh available FG is an efficient solid acid catalyst (10% loading) for Beckmann rearrangement of various ketoximes to the corresponding amides/lactams in good to excellent yields. This approach exhibits advantages of easy access to catalyst, good to excellent yield and simple work-up operation.
Experimental
Fresh FG was pretreated successively with anhydrous ethanol and chloroform to remove contaminants and then dried at room temperature for use. The oxime (1 mmol) was dissolved in toluene (10 ml), and subsequently pretreated fresh FG (stated as in Table 1 ) was added. The reaction mixture was vigorously stirred under reflux for time (stated as in Table 1 ), cooled and filtered. The solvent was evaporated, and the pure amide was obtained by short flash chromatography. All the compounds are identical to authentic samples.
